SUMMARY Section of the anterior cruciate ligament has been performed in the knee of 11 mature dogs. The macroscopically normal cartilage from patella and femoral trochlea of animals killed from 2 to 32 weeks after operation was used for histological, histomorphometrical, and biochemical analysis. Previously undescribed degenerative lesions of the superficial matrix were observed, and there was evidence for secondary healing of these lesions. An early and progressive decrease in superficial cell density and a later progressive increase in cartilage thickness without any change in the cell density of the middle and deep cartilage layers was found. A slight increase in water content with no reduction in glycosaminoglycan content was observed. The results suggest that joint laxity results initially in superficial degenerative changes and later in hypertrophic regenerative changes due to cell proliferation and increased matrix synthesis. Hypertrophic remodelling of articular cartilage in response to abnormal mechanical stresses is postulated.
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Experimental osteoarthritis offers a unique opportunity for the study of the initial events leading to cartilage destruction, which is the main characteristic of the disease. Various models of osteoarthritis can be used,' but joint laxity induced by section of a cruciate ligament of the knee or meniscectomy is now considered the most valid method.2-6 Joint-laxityinduced osteoarthritis has been used for numerous biochemical and metabolic studies, and changes in water content and proteoglycan preceding the appearance of cartilage fibrillation have been demonstrated.4 5 In contrast the early histological changes are far less documented, and histomorphometric data are still lacking.
Here we report the results of a study of the qualitative and quantitative histological changes preceding cartilage fibrillation induced by section of the anterior cruciate ligament of the dog's knee. We restricted the study to the cartilage of the patella and femoral condyle, which is only slowly affected by fibrillation. Histological data were correlated with glycosaminoglycan and water content. The remaining cartilage from each articular surface was removed with a scalpel for biochemical analysis.
Materials and methods
Histomorphometry. The sections were examined under the light microscope. The thickness of the noncalcified cartilage was measured with an eyepiece micrometer at regular intervals from the centre of the specimens, the articular margins being avoided. Cells were counted at a magnification x 400 with an integrating eyepiece which consisted of a rectangle 0-225 mm long and 0 037 mm wide. The number of nuclei was counted by moving the rectangle perpendicularly from the articular surface until the line of calcification was reached, the length of the rectangle being parallel to the cartilage surface. Counts were made on 4 adjacent lines in the middle region of 5 sections. Increasing the number of sections analysed did not significantly modify the results.
Biochemical analysis. The total glycosaminoglycan content was measured by the fixed charge density (FCD) method.8 The wet weight of each specimen was determined after soaking in 0-15 M NaCl. The dry weight was determined by drying to constant weight at 67°C.
Results

GROSS CHANGES
The intact cartilage of the operated joints of dogs killed 2 or more months after surgery was thicker. contained some elongated viable cells, and protruded above the normal contour of the articular surface. These degenerative lesions were associated with regenerative changes, that is, clones of 2 to 5 cells with markedly hypertrophic nuclei in and around the altered matrix, increased thickness of the uncalcified cartilage, and increase matrix staining with alcian blue in the remaining part of the tissue. These superficial lesions were found up to 4 months after operation but never later (Fig. 1) .
Surprisingly, the cartilage of the experimental joints of dogs killed 6 or more months after operation had a nearly normal appearance. However, some peculiarities were revealed by careful examination. In the mid-superior part of the cartilage the matrix was poorly stained with eosin but strongly with alcian blue, and enlarged lacunae devoid of sharply defined walls and containing 2 or 3 hypertrophic nuclei were seen. The superficial membrane was markedly thickened by an apposition of tangential fibres, which could be seen running between the hypertrophic cells (Fig. 2) .
The thickness of the uncalcified cartilage from patella and femoral trochlea was quite similar in the operated and control joints up to 2 months after operation, but thereafter it was greater in the experimental joints. The difference between operated and control joints 3 months after operation was significantly greater than that before 3 months (p<001; MannWhitney U-test). The mean increase in cartilage thickness from experimental joints obtained 3 to 8 months after operation was nearly 30 %.
The variation in cell density with depth from the articular surface from operated and control trochlea cartilage is shown in Fig. 3 The cartilage from operated joints obtained more than one month after operation had a slightly but significantly higher water content than the control joints (<0-01). A similar slight increase in the FCD was found in operated joints when expressed on a dry weight basis, but no significant difference existed between the operated and control joints when the FCD was expressed on a wet weight basis ( Table 2 ).
Discussion
This work shows that joint laxity produced by section of the anterior cruciate ligament induces 2 major histological changes which precede the onset of cartilage fibrillation.
Hypertrophy of uncalcified cartilage from the I m. patellofemoral surfaces is the most striking change.
A greater thickness of the cartilage of experimenThe increase in cartilage thickness is clearly shown by tal joints has previously been suggested and comparing dogs killed more than 3 months after attributed to an increased water content.5 Increased operation with those killed sooner and by the mag-hydratation preceding the appearance of fibrillation nitude of the difference between the operated and was in fact found in the present work, as elsewhere,9 control sides after 3 months.
but is probably not the main cause of cartilage hyper- Table 1 Thickness and total cell number of uncalcified cartilage from patella and femoral trochlea in operated (0) and control (C) joints T Table 2 Fixed charge density and water content ofpatella and femoral trochlea cartilage; comparison between the operated (0) and control (C) joints Cell hyperactivity is probably associated with division of middle and deep zone chondrocytes. This is suggested by the normal or high total cell number despite the reduction of the superficial zone cell density and by the normal cell density of the middle and deep zones in spite of the increased thickness of the tissue. Cell division following section of the anterior cruciate ligament is also suggested by histological studies showing clones of 2 or more cells and by metabolic studies showing an increased incorporation of tritiated thymidine.4 13 14 Cartilage hypertrophy due to cell division and hyperactivity thus appears to be an initial event preceding the appearance of fibrillation in joint-laxityinduced osteoarthritis. These changes indicate an unexpected remodelling capacity of the tissue in a reactive adaptation to induced abnormal mechanical stresses. The growth of marginal osteophytes can be similarly interpreted and indicates that the reactive process to abnormal stress is not confined to the articular cartilage but affects the joint structures as a whole. It is worth mentioning that hypertrophic changes can be found in nonfibrillated human osteoarthritic cartilage but only in some cases, so that they do not represent the hallmark of every variety of osteoarthritis. 5 The changes which we have observed in the superficial cartilage zone are strikingly different from those of the deeper cartilage layers and indicate that a separate analysis of the different tissue layers is advisable for any biochemical or metabolic study. The superficial changes induced by joint laxity are at first degenerative, and the reduction of the superficial cell density is the earliest osteoarthritic lesion detectable at the histological level.
The necrosis of superficial chondrocytes, which has previously been noted in other studies,6 17 precedes and is probably related to the appearance of degenerative alterations of the superficial matrix.
These degenerative alterations are unusual in that they do not consist of a fibrillation of the articular surface but are associated with a loss and disruption of the matrix below the intact surface.
A repair process might be another peculiarity of the superficial alterations. Such a repair process is suggested by the observation that the cartilage of dogs killed more than 6 months after operation does not show any degenerative alterations but a marked thickening of the superficial membrane due to apposition of new tangential fibres. This is also suggested by the proliferation of the remaining hypertrophic viable cells, which may be able to migrate in the lacerated matrix and to achieve its repair. Such a possibility of repair might be relevant to the problem of chondromalacia patellae, which may undergo spontaneous recovery.
